This report presents a deduction of a formula which can be used to calculate the light attenuation length of barium fluoride crystals based on the transmittance (or absorbance) data measured by a spectrophotometer.
Introduction
The light attenuation length (A) is an important parameter in evaluating the quality of barium fluoride (BaF z) crystals [1] . An approximated formula, eq . (5) of ref. [1] , was suggested by one of the authors to calculate the light attenuation length of a BaFz crystal by use of its measured transmittance (T) and an ideal theoretical transmittances (TS) which takes care of the loss at two surfaces of the crystal: where 1 is the path length, i.e . the crystal length .
However, this equation suffers from two approximations 1) the ideal theoretical transmittances (Ts) was calculated according to an extrapolation of measured refractive index by Malitson [2] , while the original measurement was carried out for wavelengths of longer than 260 nm only ; and, 2) the equation does not take into account multiple bounces between two end surfaces of the crystal. The consequence of these two approximations is 1) at the wavelength of BaF2's fast component (220 nm), the ideal theoretical transmittances (Ts) is not accurate ; and 2) the light attenuation length calculated by using eq . (1) is not accurate . In this note, we present a deduction of an accurate formula which can be used to calculate the light attenuation length of BaF2 crystals based on the transmittance (or absorbance) data measured by a spectrophotometer. As defined above, TS is an ideal transmittance of a BaF2 crystal with infinite light attenuation length and two parallel end surfaces . The loss of light in each surface can be calculated by using Fresnel's law:
(n +n a, r ) z where n and n a,r are the refractive index of BaFz and air which are function of the wavelength . Note, for wavelengths of longer than 200 nm, na,r -1 is less than 0.0004. Taking into account multiple bounces between two end surfaces, the ideal transmittance (Tz ) can be written as
Assuming the crystal has a light attenuation length of .1, which is also a function of wavelength, the light intensity after traversing a path length of 1 is :
Taking into account both multiple bounces between two end surfaces and light attenuation loss, the real transmittance (T) measured can be written as For a 2 mm thick crystal, which has a light attenuation length of > 200 cm and two parallel well polished surfaces, the 1/A is less than 0.001 . We thus can use a spectrophotometer to measure its transmittance and approximately take this measured value as Ts. A crystal with a dimension of 40 X 40 X 2 mm 2 was provided by Shanghai Institute of Ceramics (SIC) for this purpose. The crystal was polished at Lawrence Livermore National Laboratory by using diamond pitch wheel method . It is shown that this polishing technique provides almost perfect optical surface [3] .
The transmittance of this 2 mm thick crystal was measured by using a Hitachi U-3210 UV/Visibla spectrophotometer equipped with double beam and double monochromator . The systematic uncertainty of the transmittance measurement is around 0.1% . Fig. 1 shows the measured transmittance and the refractive index calculated by using eqs. (2) and (3). Also shown, as a dashed line, in fig. 1 is the refractive index of a BaF2 crystal measured by Malitson [2] . It is clear that the agreement between this work and ref. [2] is very good at a wavelength range of longer than 400 nm . Below 400 nm, however, the refractive index calculated in this work is higher than Malitson's measurement [2]. This difference can be attributed to the intrinsic absorption of SIC sample in this wavelength region, as evidenced by the 290 nm absorption peak of SIC BaF2 crystal [l] in fig. 1 , and, to a lesser extent, to the difficulty in preparing a perfect surface at UV range.
The TS value at 220 nm (for the fast component of BOO is 90.06%, while the TS value obtained by using Malitson's measurement [2] and eqs . (2) and (3) It is also interesting to note that the effect of different TS values used in calculating the light attenuation length is very small, except in the region where the measured transmittance is close to the theoretical limit of T 5 . As discussed in section 2, the real value of the light attenuation length of BaF2 crystals is somewhat between these two curves .
